T h e ne w e ngl a nd jou r na l o f m e dicine Pr esentation of C a se Dr. Alexandra J. Coromilas (Medicine): A 65-year-old woman with autoimmune hepatitis and acute liver failure was transferred to this hospital for an evaluation for liver transplantation.
patient was found on the floor of her home and was delirious; she was admitted to the other hospital. She had a temperature of 39.5°C, an albumin level of 2.4 mg per deciliter (reference range, 3.2 to 5.2), a total bilirubin level of 15.4 mg per deciliter (263.3 μmol per liter), an alanine aminotransferase level of 1040 IU per liter, an aspartate aminotransferase level of 738 IU per liter, an ammonia level of 66 μmol per liter (reference range, 11 to 51), an international normalized ratio (INR) of 5.2 (reference range, 0.9 to 1.2), a creatinine level of 0.57 mg per deciliter (50 μmol per liter; reference range, 0.5 to 1.3 mg per deciliter [44 to 115 μmol per liter]), a lactate level of 9.9 mmol per liter (89 mg per deciliter; reference range, 0.5 to 2.2 mmol per liter [5 to 20 mg per deciliter]), and a platelet count of 111,000 per cubic millimeter (reference range, 140,000 to 440,000). Abdominal ultrasonography revealed an ill-defined echogenicity of the right lobe of the liver that had not been present 3 months earlier; there was no hydronephrosis. Oral methylprednisone, intravenous vitamin K, lactulose, and rifaximin were administered.
Oliguric acute kidney injury developed, with a creatinine level as high as 3.6 mg per deciliter (318 μmol per liter). Results of an evaluation of the urine sediment were unremarkable. An albumin infusion was administered, but the patient had no improvement in creatinine level or urine output. The patient's kidney injury was considered to be consistent with the hepatorenal syndrome. Midodrine and octreotide were administered. Fever and leukocytosis (with a white-cell count as high as 27 ,000 per cubic millimeter [reference range, 4200 to 10,200]) developed, and a blood sample was obtained for culture. After approximately 56 hours of incubation, microbial growth was detected in the aerobic blood-culture bottle, and a Gram's stain of the blood-culture broth showed a corkscrew-shaped gram-negative rod (Fig. 1) . Empirical vancomycin and ceftriaxone were administered; ceftriaxone therapy was discontinued after one dose, and piperacillin-tazobactam therapy was initiated. The patient was then transferred to the medical service of this hospital.
On admission to this hospital, the patient reported that she had had nonbloody diarrhea during the days before the evaluation at the other hospital, without nausea, vomiting, or abdominal pain. She also reported that she had coughed up blood-tinged sputum once during the weeks before admission, but she had had no hematemesis, melena, or other bleeding. The patient had a history of heavy alcohol consumption and had undergone a tubal ligation. She had taken no prescribed medications before admission to the other hospital, but she had been taking supplements, including milk thistle and buckthorn. She did not report the use of any nonsteroidal antiinflammatory drugs. The use of codeine caused nausea and vomiting.
The patient was from a city in a neighboring state and lived alone. She worked in the health care field and had an adult daughter who was healthy. For several years, she had consumed 3 to 5 half gallons of distilled spirits per week, but she stopped drinking alcohol after she received a diagnosis of autoimmune hepatitis 6 years earlier. She had a remote history of smoking and did not report the use of any illicit drugs. She had an indoor cat but no other exposure to animals, and had not traveled recently. There was no family history of liver disease.
On examination, the temperature was 37.1°C, the heart rate 65 beats per minute, the blood pressure 126/60 mm Hg, the respiratory rate 18 breaths per minute, and the oxygen saturation 94% while the patient was breathing ambient air. She appeared fatigued but was oriented to person, place, and time, and she could recite the days of the week backward. The sclerae were icteric and the skin was jaundiced, with scattered spider angiomata and faint ecchymoses. Auscultation of the lungs revealed bibasilar At the other hospital, a blood sample was cultured in an aerobic bottle. A Gram's stain of the blood-culture broth shows corkscrew-shaped (arrow) and curved (arrowhead) gram-negative rods.
T h e ne w e ngl a nd jou r na l o f m e dicine crackles. The abdomen was soft, nontender, and slightly distended, with a possible fluid wave. The liver and spleen were not palpable. Clinically significant edema was present from the lower legs to the sacrum. A limited neurologic examination revealed no asterixis.
A urinalysis was unremarkable. Tests for hepatitis A virus IgM antibodies, hepatitis B virus surface antibodies, hepatitis B virus core antibodies, hepatitis B virus surface antigen, and hepatitis C virus antibodies were negative. Other laboratory test results are shown in Table 1 . Imaging studies were obtained.
Dr. Efren J. Flores: A chest radiograph showed multifocal air-space opacities and bilateral pleural effusions ( Fig. 2A ). Computed tomography (CT) of the chest, abdomen, and pelvis, performed without the intravenous administration of contrast material, confirmed the presence of diffuse ground-glass opacities predominantly in the upper lobes, central interlobular septal thickening, and a nodular hepatic contour ( Fig. 2B  and 2C ). There were multiple prominent portal and perihepatic lymph nodes and small-volume ascites.
Dr. Coromilas: Piperacillin-tazobactam, doxycycline, and trimethoprim-sulfamethoxazole were administered, and treatment with lactulose, rifaximin, albumin, midodrine, and octreotide was continued. A Gram's stain image was provided by the other hospital; in addition, a Gram's stain was performed at this hospital on a bloodculture isolate obtained from the other hospital. A diagnosis was made.
Differ enti a l Di agnosis
Dr. Roby P. Bhattacharyya: This 65-year-old woman, who had a 6-year history of presumed autoimmune hepatitis, presented to another hospital with a clinically significant flare of her liver disease. Results of initial laboratory testing and imaging studies were consistent with a diagnosis of autoimmune hepatitis and suggested the development of cirrhosis. The patient was treated with prednisone for several weeks, and then she did not take a planned course of azathioprine. Her aminotransferase levels reportedly improved considerably while she was receiving prednisone, but they did not return to baseline, and their trajectory after prednisone was discontinued is unknown.
Several days before the patient was admitted to the other hospital, her daughter noted that she had jaundice, and she had episodes of diarrhea but no other notable symptoms. Soon thereafter, she was found on the floor of her home; she was delirious, febrile, and in shock. Evaluation at the other hospital revealed profoundly abnormal results of blood tests, including a markedly elevated lactate level, coagulopathy, and leukocytosis. Her INR did not normalize after the administration of vitamin K, and this finding confirmed the presence of hepatic synthetic dysfunction, a condition consistent with acute liver failure. Acute kidney injury was not noted at the time of the initial presentation but developed quickly after admission. This combination of findings portends a grim prognosis.
Physiological Decompensation in a Patient with Cirrhosis
Given what we know about the patient's previous workup, we may view her previous diagnosis of autoimmune hepatitis as presumptive and not confirmed. Rather than revisiting this diagnosis, however, we should focus on urgently identifying the trigger for her shock and acute liver failure. There are many possible causes of sudden deterioration in a patient with cirrhosis who recently received immunosuppressive therapy. 1 In the presence of fever and shock, infection must be strongly considered. However, before the results of the blood culture are received, many other causes -especially toxic, vascular, and inflammatory conditions -should be considered and ruled out. In this case, it is crucial in decision making to obtain a list of the herbal supplements the patient had taken, because some over-the-counter supplements have been implicated in acute liver failure. 2 The results of the serologic studies do not suggest acute viral hepatitis, and the relatively unremarkable abdominal imaging studies make hepatic-vein thrombosis (the Budd-Chiari syndrome) unlikely.
Examining Primary Data
Once bacteremia was detected in this patient, the list of causes of acute decompensation narrowed considerably. Although it is important to obtain a thorough history and to perform a toxicology screen and blood tests to rule out viral hepatitis, the detection of bacteremia seems sufficient to explain her hemodynamic deterioration
The New England Journal of Medicine and delirium and necessitates immediate intervention. The unusual description of the findings on the Gram's stain points us toward a limited number of potential pathogens. However, caution may be warranted in dramatically narrowing the differential diagnosis on the basis of growth in a single blood-culture bottle, particularly when the organism has such unusual characteristics.
In this case, the description of corkscrewshaped gram-negative bacteria stands out. In T h e ne w e ngl a nd jou r na l o f m e dicine general, clinical microbiology laboratories do not use such unusual descriptive terms unless the finding is clearly abnormal. That said, clinicians who are making decisions on the basis of such a finding must confirm the finding for themselves. It would be ideal for the clinician to review the Gram's stain in person with an experienced clinical microbiologist. In this case, the extra effort of obtaining the Gram's stain images from the other hospital was crucial to inform clinical decision making. On review of the Gram's stain ( Fig. 1 ), I saw multiple extended spiral forms, with several corkscrew-like turns per organism; this finding was consistent with the description provided by the microbiology laboratory. In addition to the spiral-shaped organisms, other morphologic forms were present, including bacteria resembling gull wings (i.e., two bacteria situated end to end that appear in the shape of seagull wings) and curved rods. It is important to note that the findings on the Gram's stain are consistent with a true pathogen, albeit an unusualappearing one, and not with a typical bloodculture contaminant. Any assessment of the patient's current clinical state must include an explanation of this bacteremia.
Corkscrew-Shaped Gram-Negative Bacteremia
The spiral appearance of the organism seen on the Gram's stain is unusual, and it is also unusual that such an organism grew in a standard blood-culture bottle within 2.5 days. The pathogen in question must therefore be able to adopt a spiral form, grow in standard blood-culture conditions, and cause rapid decompensation in a patient with cirrhosis. Taken together, these features sufficiently narrow the differential diagnosis to a single most likely pathogen, at least at the genus level, and thus help to direct empirical therapy. In this case, it is critical to narrow the microbiologic differential diagnosis on the basis of available information, because subculture and evaluation of atypical organisms for identification and susceptibility testing often require nonstandard methods or growth conditions, which require time. Among human pathogens, only eight genera adopt a spiral form, and thus this morphologic feature of the pathogen is a good trait on which to anchor the microbiologic differential diagnosis for this patient. Of these eight genera, treponema and borrelia can be quickly ruled out in this case. Treponema species, namely Treponema pallidum, can be ruled out because the acute decompensation seen in this case would be highly atypical in a patient with syphilis; in addition, T. pallidum and other treponemes are too thin to see on a Gram's stain and are better visualized with the use of dark-field microscopy, and they cannot be cultured in broth. Diseases caused by borrelia species, such as Lyme disease and relapsing fevers, are also unlikely to cause the clinical syndrome seen in this case; in addition, although certain borrelia species can be detected in rare cases on a peripheral smear of uncultured blood 3 and some species may be cultured from blood with highly specialized growth conditions, 4,5 no borrelia species will grow in a routine blood culture.
Rat-bite fever is a diagnosis that could fit with this patient's clinical presentation. Of the two major forms of rat-bite fever, one is caused by the spiral-shaped bacterium Spirillum minus. However, this type of rat-bite fever (known as Sodoku) occurs primarily in Asia, 6 and this patient does not have a relevant travel or exposure history. Furthermore, despite one report of two unconfirmed cases, 7 S. minus is not considered to be a pathogen that would grow in a routine blood culture. In contrast, the causative agent of bacillary rat-bite fever, Streptobacillus moniliformis, is found in the northeastern United States and will grow in a routine culture. However, this organism does not have a spiral appearance on a Gram's stain; it is a classic rod-shaped bacterium.
Leptospirosis is a tempting diagnosis in this case. Leptospirosis not only can cause severe acute illness in a healthy host but also can specifically cause fever with liver failure, kidney failure, and pulmonary hemorrhage (Weil's syndrome). 8 Leptospira species are spiral-shaped bacteria that are characterized by a terminal hook, but similar to treponema species, they are generally too thin to see on a Gram's stain and are better visualized with the use of dark-field microscopy. 9 In addition, although leptospira species can be detected in cultures with specific medium and temperature conditions, they will not grow in a standard blood-culture medium and cannot survive incubation at a temperature of 37°C. 10 The remaining genera of spiral bacteria can all grow in a standard blood-culture medium, and thus we are left to distinguish among them on the basis of their shape and associated clinical features. Vibrio species are curved gramnegative rods that are found in brackish water and often cause infections of the gastrointestinal tract or the skin and soft tissue, depending on the route of exposure. Vibrio species, particularly Vibrio vulnificus, can cause severe disease; they have a predilection for patients with liver disease, 11 perhaps because they have a preference for high transferrin saturation, 12 and they are often associated with states of iron overload, such as cirrhosis. 13 One study showed that the risk for V. vulnificus infection was 80 times as high in adults who had liver disease as in those who did not have known liver disease. 14 However, although vibrio species are curved or commashaped, they do not typically form extended spirals, and thus this pathogen is an unlikely cause of this patient's illness.
Anaerobiospirillum succiniciproducens is a motile gram-negative organism that forms extended spirals. Only a few dozen cases of infection with this pathogen have been reported, [15] [16] [17] and the infection usually occurs in patients with liver disease, alcohol use, or diabetes. Affected patients usually present with a nonspecific illness that is characterized by fever, leukocytosis, and gastrointestinal distress. Reported clinical outcomes associated with A. succiniciproducens infection range from rapid resolution to progressive illness and death. 16 However, growth only in the aerobic bottle would be highly atypical; aerobic growth has been reported in just one instance 18 and not without accompanying growth in the anaerobic bottle.
Exposure to campylobacter species, especially Campylobacter jejuni, is ubiquitous worldwide. In domesticated animals (notably poultry, cattle, sheep, swine, goats, dogs, and cats), the pathogen becomes a persistent member of the microbiome after it is ingested. 19 Colonization of commercial poultry is common, and fecal contamination during processing is frequent enough that a large proportion of raw poultry in supermarkets is contaminated with C. jejuni. 19 Clinical manifestations of C. jejuni infection most often involve a
The New England Journal of Medicine T h e ne w e ngl a nd jou r na l o f m e dicine self-limited gastroenteritis, sometimes with bloody diarrhea. Bacteremia develops in less than 1% of patients with diarrheal illnesses due to C. jejuni, 20 although the risk is higher in this patient because of her cirrhosis and recent use of prednisone. Infection with the other major campylobacter species that cause human disease, including C. fetus, is less common than C. jejuni infection overall but is more likely to result in extraintestinal infection and bacteremia. In fact, some case series have shown that, although C. fetus has a much lower likelihood than C. jejuni of causing overall illness, the two species have a similar likelihood of causing bacteremia 21, 22 (but this may depend on geographic location 23 ). Although campylobacter literally means "curved rod," C. jejuni and C. fetus may adopt a spiral form after a short incubation period in the laboratory, 24 such as the incubation in a blood culture that has just turned positive. Indeed, the mixture of spiral forms with gull-wing forms and curved rods is consistent with the classic morphologic features of campylobacter.
Enterohepatic helicobacter species, such as Helicobacter cinaedi and H. fennelliae, were formerly classified as campylobacter species and are also reported to cause bacteremia with curved or spiral-shaped gram-negative rods, albeit rarely. Helicobacter bacteremia may accompany cellulitis or gastroenteritis, 25, 26 and it occurs often but not exclusively in immunocompromised patients.
A diagnosis of bacteremia due to either campylobacter species or enterohepatic helicobacter species is consistent with the three major features of this case: the shock and associated acute liver failure in a patient with cirrhosis who had recently received immunosuppressive therapy, the growth in a standard blood-culture medium, and the presence of gram-negative spiral forms. Enterohepatic helicobacter species cannot be ruled out on the basis of clinical grounds, but campylobacter species are more prevalent and are thus the most likely cause of bacteremia in this patient.
In this case, it is difficult to distinguish between C. jejuni and C. fetus on the basis of clinical features and the findings on the Gram's stain, and thus the ultimate microbiologic diagnosis will most likely be confirmed by the results of mass spectrometry and supported by the results of standard biochemical assays. Although the mortality among patients with campylobacter bacteremia who receive the appropriate treatment is relatively low, 22, 23, 27 the risk of death is higher among immunocompromised hosts, 28 such as this patient. Unfortunately, despite the initial improvement in this patient's shock and delirium, she has several signs that point toward a very poor prognosis, notably the acute liver failure with severe acute kidney injury, which is consistent with multiple organ failure.
Dr. David M. Dudzinski (Medicine): Dr. Coromilas, what was your clinical impression when you evaluated this patient?
Dr. Coromilas: When we evaluated this patient, C. fetus and C. jejuni were the highest on our differential diagnosis, because both of these organisms can cause bacteremia. However, we thought that C. jejuni was most likely, because it is a more common cause of gastroenteritis and can also cause bacteremia in immunocompromised hosts.
Clinic a l Di agnosis
Campylobacter jejuni bacteremia.
Dr . Roby P. Bh at tach a r y ya's Di agnosis
Campylobacter bacteremia and sepsis in a patient with cirrhosis due to presumed autoimmune hepatitis.
Pathol ogic a l Discussion a nd M a nagement
Dr. Marwan M. Azar: The diagnostic test in this case was a blood culture performed at the other hospital on the day of the patient's initial presentation. An isolate of the organism that had been obtained from the initial blood culture was sent to this hospital for further identification and susceptibility testing. The isolate was planted on blood and chocolate agar plates; on the basis of the findings on the Gram's stain, the plates were incubated in microaerophilic conditions at both 35°C and 42°C to optimize recovery of campylobacter and helicobacter species. Small, gray, moist, nonhemolytic colonies were detected after 24 hours of incubation on a solid medium. A Gram's stain of the isolate revealed gull-wing-shaped gram-negative rods (Fig. 3) , and phenotypic testing revealed catalase production and oxidase activity, findings suggestive of but not specific for campylobacter species. MALDI-TOF (matrixassisted laser desorption ionization-time-of-flight) mass spectrometry identified the isolate as C. jejuni subspecies jejuni. Additional cultures of blood obtained after the patient was transferred to this hospital were negative. Taken together with the patient's clinical syndrome, these microbiologic findings were consistent with the diagnosis of bacteremia and sepsis due to C. jejuni.
After the results of the Gram's stain had been received, an empirical antimicrobial regimen directed against potential culprit pathogens was selected. The regimen included meropenem for broad activity against gram-negative rods in a critically ill patient and for activity against C. fetus, which may be resistant to fluoroquinolones and macrolides 29 ; azithromycin for activity against enterohepatic helicobacter species; ciprofloxacin for activity against vibrio species; and doxycycline for coverage of leptospira and borrelia species. These four antimicrobial agents also provide variable activity against campylobacter species. After C. jejuni had been identified, a more targeted approach was pursued. In light of the high prevalence of fluoroquinolone resistance (approximately 25% in 2014) and the low prevalence of macrolide resistance (<5% in 2014) among C. jejuni isolates in the United States, 29 the antibiotic regimen was narrowed to azithromycin and meropenem. Antimicrobial susceptibility testing with the use of Epsilometer tests was performed 48 hours after the isolate had been received. The minimal inhibitory concentration was 1 μg per milliliter for erythromycin, 0.12 μg per milliliter for ciprofloxacin, and 0.06 μg per milliliter for doxycycline; these findings indicate that the isolate was susceptible to these antimicrobial agents, after the application of current Clinical & Laboratory Standards Institute interpretative breakpoints. 30
Dr. Coromilas: Shortly after the patient was admitted to this hospital, she had a marked clinical deterioration that necessitated renal replacement therapy, the administration of vasopressors for hypotension, and the initiation of mechanical ventilation for respiratory failure. After a period of slight improvement, she was extubated on hospital day 9, but she was reintubated on hospital day 11 for progressive hypoxemia. Because she had continued clinical deterioration, comfort measures were instituted, and she died on hospital day 12.
Fina l Di agnosis
Campylobacter bacteremia in a patient with presumed autoimmune hepatitis. A blood-culture isolate was obtained from the other hospital, and additional microbiologic evaluation was performed at this hospital. A Gram's stain of the isolate after culture on a solid medium shows curved, gullwing-shaped gram-negative rods.
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